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The authors present a case report of a patient with an implanted VDD pacemaker whose
postoperative ECG revealed sinus bradycardia, showing the heart rate remarkably lower than
the programmed lower rate limit. Upon assessing some pacemaker manufacturers’
mechanisms to set the lower rate limit in VDD mode, it was found that they can be
classiﬁed into four types. The mechanisms are based on keeping atrioventricular (AV)
synchronous pacing in VDD mode or maintaining the lower rate limit in VVI mode. AV
synchronous pacing results in producing an actual heart rate which is lower than the
programmed lower rate limit. The classiﬁcation also depends on whether the pacemakers are
operating on either atrial-based or ventricular-based lower rate timing. Therefore, the actual
heart rate can be lower than the programmed lower rate limit, depending on the VDD
pacemaker model.
(J Arrhythmia 2006; 22: 187–191)
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Introduction
In VDD mode, ventricular stimulation takes place
following a sensed atrial event. If no atrial event is
detected, ventricular pacing occurs less than or equal
to the programmed lower rate. We report a case of a
patient with an implanted VDD pacemaker whose
postoperative ECG monitoring showed sinus brady-
cardia with a heart rate remarkably lower than the
preset lower rate limit. Since little information is
available on how each pacemaker manufacturer
deﬁnes the programmed lower rate in VDD mode,
we assessed their mechanisms based on each
manufacturer’s technical speciﬁcations.
Case Report
On July 5, 2004, a VDD pacemaker (Pacesetter
AFFINITY VDR, St. Jude Medical, Inc., Sylmar,
CA, USA) was implanted via the left cephalic vein
in an 87-year-old female patient who presented with
syncope and intermittent AV block. During the
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surgical procedure, just before inserting the pace-
maker lead into the left cephalic vein, the patient
went into cardiac arrest for ten seconds in which the
ECG monitoring displayed P waves without ven-
tricular activity (Figure 1A), for which cardiac mas-
sage was performed. The dynamic rate range of
the VDD pacemaker was set at between 50 and 120
pulses per minute (ppm). During postoperative
follow-up, the patient’s general conditions were
stable, although ECG monitoring at 15:02 on the
same day showed sinus bradycardia with a heart rate
of 45 beats per minute (bpm) (Figure 1B). Afterward,
the dynamic rate range of the VDD pacemaker was
changed to between 60 and 120 ppm with an AV
delay of 200ms because ECG monitoring showed
sinus bradycardia with heart rate less than 50 bpm. In
spite of the change of the lower rate limit, ECG
monitoring still showed sinus bradycardia with a
heart rate less than 60 bpm. The ECG showed sinus
bradycardia with heart rate of around 53 bpm and
R–R intervals were 1093ms, 1110ms, 1094ms,
1086ms and 1117ms (Figure 1C). Interrogated P-
wave and R-wave amplitudes were 0.5mV and 9.0
mV, respectively. Because interrogation of the pace-
maker on July 9 revealed atrial sensing failure, the
VDD mode was switched to the VVI mode. The
patient was discharged on July 13.
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Figure 1
(A) During pacemaker implantation, P
waves without ventricular activity were
recorded for ten seconds. (B) Postoper-
ative ECG on the same day showed
sinus bradycardia of 45 bpm, even
though the dynamic rate range had
been programmed to between 50 and
120 ppm. (C) Although the dynamic
rate range was switched to between 60
and 120 ppm, an ECG taken on the
following day showed sinus bradycar-
dia of 53 bpm with V–V intervals of
1093, 1110, 1094, 1086 and 1117ms.
All of them were longer than the
programmed lower rate interval, 1000
ms.
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Discussion
In VDD mode, when no atrial sensed event takes
place, ventricular stimulation should occur at the
programmed lower rate. We report a case of a patient
with an implanted VDD pacemaker whose post-
operative ECG monitoring showed sinus bradycardia
with heart rate remarkably lower than the preset
lower rate limit. When assessing some pacemaker
manufacturers’ lower rate setting mechanisms, we
can classify them into four types. For this assessment
we assumed a VDD mode with programmed lower
rate limit of 50 ppm and an AV delay of 150ms.
Type I (ventricular-based lower rate timing, priority
given to atrioventricular synchronous pacing: Med-
tronic and St. Jude Medical)
The VDD pacemaker in the patient of the case we
present belongs to this type, in which a lower rate
interval starts with a ventricular paced or sensed
event (Vp›). An atrial sensed event (Asﬁ) within
the lower rate interval initiates an AV delay of
150ms. If a ventricular sensed event does not take
place within the AV delay, a ventricular stimulus is
delivered at the end of the AV delay (Vpﬂ). When
an atrial sensed event is not detected within the
lower rate interval, a ventricular pacing is emitted
upon expiration of the lower rate interval (Vp). If
an atrial sensed event (Asﬁ) occurrs just before the
end of the lower rate interval, the lower rate interval
would be extended substantially, because an actual
V–V interval (Vp›–Vpﬂ) is nearly equal to the
sum of the preset lower rate interval (1200ms) and
the AV delay (150ms). The ECG taken from our
patient showed an example of the extended preset
lower rate interval in which an actual lower rate
interval was the sum of the time interval from a
ventricular sensed event to an atrial sensed event
plus the following AV delay (Figure 1C). In this
type of pacemaker, atrioventricular synchronous
pacing has priority over maintaining the program-
med lower rate, even though an actual lower rate
becomes less than the programmed lower rate
limit1,2) (Figure 2).
Type II (ventricular-based lower rate timing, priority
Figure 2 Classiﬁcation (Type I and II) based on how to set lower rate interval in VDD mode.
For details, see text.
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given to maintaining the programmed lower rate:
Guidant)
In this type, a lower rate interval starts with a
ventricular paced or sensed event (Vp›, Vs·), but
the lower rate interval is deﬁned as V–A interval,
that is, V–V interval minus AV delay. When the
lower rate is programmed to 50 ppm, in which V–V
interval is 1200ms, and AV delay is 150ms, then V–
A interval becomes 1050ms. In the absence of atrial
activity before the expiration of the V–A interval, an
omitted atrial stimulus begins an implied AV delay
(). When no ventricular sensed event occurs within
this implied AV delay, a ventricular stimulus is
emitted at the end of the imaginary AV delay (Vp†).
During the implied AV delay, the atrial channel is
refractory (A–). When no atrial sensed event occurs
and only ventricular pacing takes place, the lower
rate interval can be maintained, as the V–V interval
is never less than 1200ms. Type II gives priority to
maintaining the lower rate over AV synchronous
pacing3) (Figure 2).
Type III (atrial-based lower rate timing, priority
given to maintaining lower rate: Ela Medical and
Biotronik)
In this type, a lower rate interval as well as an AV
delay start with an atrial sensed event (As‹). An
atrial sensed event within the lower rate interval
(Asﬁ) begins an AV delay as well as a lower rate
interval. When no ventricular sensed event occurs
within the AV delay, a ventricular stimulus is
delivered at the end of the AV delay (Vpﬂ). If no
atrial event is detected within the lower rate interval,
an implied AV delay is initiated at the end of the
previous lower rate interval () and a ventricular
stimulus is emitted at the expiration of the implied
AV delay (Vp†). During the AV delay, the atrial
channel is refractory (A–). If no atrial event is
sensed and only ventricular pacing takes place, V–V
interval (Vpﬂ–Vp†) becomes the largest. As the
lower rate interval starts with the preceding atrial
sensed event and the next implied AV delay starts
without a break at the end of this lower rate interval,
the lower rate can be maintained. However, if a
Figure 3 Classiﬁcation (Type III and IV) based on how to set lower rate interval in VDD mode.
For details, see text.
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ventricular sensed event occurs during AV delay,
and the following atrial sensed event is detected just
before the end of this lower rate interval, a
ventricular stimulus is delivered at the end of the
AV delay, and the actual V–V interval becomes
nearly equal to the sum of the lower rate interval and
an interval between the sensed ventricular event and
the end of AV delay, thus leading to a lower rate
which is actually lower than the programmed lower
rate limit. Type III gives priority to maintaining the
lower rate over AV synchronous pacing4,5) (Figure 3).
Type IV (atrial-based lower rate timing, priority
given to AV synchronous pacing: Vitatron)
In this type, a lower rate interval as well as an AV
delay start with an atrial sensed event (As‹). An
atrial sensed event within the lower rate interval
(Asﬁ) begins an AV delay as well as a lower rate
interval. When no ventricular sensed event takes
place within the AV delay, ventricular pacing occurs
at the end of the AV delay (Vpﬂ). When no atrial
sensed event is detected within the lower rate
interval, the rate hysteresis deﬁned as 12.5% of the
lower rate interval starts after the end of the lower
rate interval (). If no atrial sensed event occurs
even during the rate hysteresis, a ventricular stimulus
is delivered at the expiration of the rate hysteresis
(Vp–). Since this ventricular stimulation (Vp–)
renews an atrial-based lower rate timing, an atrial
sensed event taking place just before the end of the
lower rate interval (As†) results in an extension of
the programmed lower rate because the actual V–V
interval (Vp––Vp‡) is nearly equal to the sum of
the lower rate interval and the AV delay. Since the
rate hysteresis works only for one beat, if no atrial
sensed event occurs within the lower rate interval
following the rate hyteresis, a ventricular stimulation
takes place at the end of the lower interval6)
(Figure 3).
Assessing some manufacturers’ mechanisms of
how to set the lower rate in VDD mode, we can
classify them into four types. How to set the lower
rate in VDD mode depends on each manufacturer’s
policy about whether they choose AV synchronous
pacing that can produce an lower rate which is
actually lower than the programmed lower rate limit,
or maintaining the lower rate in VVI mode. We have
to take into account whether they choose atrial-based
or ventricular-based lower rate timing. From the
clinical standpoint, it is sometimes diﬃcult to
ascertain the extent to which a patient’s atrial rate
will decrease after implantation of a VDD pace-
maker.7) It is also diﬃcult to decide which type of
VDD pacemaker is the most suitable for the patient.
In any case, while monitoring patients with an
implanted VDD pacemaker, we should understand
each pacemaker’s mechanism as how the lower rate
is set.
Conclusion
We have reported a case of a patient with a VDD
pacemaker whose postoperative ECG showed sinus
bradycardia with a heart rate remarkably lower than
the programmed lower rate limit. By assessing each
manufacturer’s mechanism for setting the lower rate
in VDD mode, it was found that the actual lower rate
can be lower than the programmed lower rate limit,
depending on the type of VDD pacemaker.
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